Plasma testosterone (T) levels in male dark-eyed juncos peak early in the breeding season, then decline. If T enhances opportunities for reproductive success, as suggested by previous experiments, why does elevated T not occur naturally? To address this question, we prolonged the early peak level throughout the breeding season and explored potential energetic costs of maintaining elevated T. We measured daily energy expenditure (DEE) of treated males (T-males) and controls (C-males) using doubly labelled water (DLW). We also conducted behaviour scans of T-and C-males housed in outdoor aviaries. DEE was not higher in T-males than in C-males. However, T-males did increase locomotion and foraging and decrease rest and self-maintenance. These results suggest that elevated T may increase the contribution of some components of DEE and lower the contribution of others. Furthermore, the T-induced decrease in allocation of time to rest and maintenance may represent a long-term cost that has led to selection against the maintenance of elevated T beyond the natural early spring peak.
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Male dark-eyed juncos Junco hyemalis, like males of most monogamous bird species, show a peak in plasma testosterone (T) levels in early spring, after which levels decline (Ketterson & Nolan 1992) . In contrast, males of most polygynous bird species maintain T at high levels much beyond early spring (Wingfield 1984; Beletsky et al. 1995) . Male juncos that are caught in spring, implanted with T, and released to live free on their territories maintain plasma T at levels comparable to the spring peak throughout the breeding season. These T-males engage in behaviour atypical of that of unmanipulated males and control males (C-males), including (1) occupying larger home ranges at some stages of breeding (Chandler et al. 1994) ; (2) increasing the frequency of song, which in control males functions in pair formation (Ketterson et al. 1992; Chandler et al. 1994 ; Titus 1998); and (3) reducing paternal care of nestlings (Ketterson et al. 1992) . As a result of these behavioural changes, T-males probably are more likely than C-males to encounter and attract extrapair mates. Female juncos prefer T-males to C-males in mate-choice trials (Enstrom et al. 1997) , and free-living T-males are more likely than C-males to produce young by extrapair fertilization (Raouf et al. 1997) . This gain in number of young sired appears to be offset by the greater mortality of nestlings in the nests of T-males' social mates, probably because of reduced paternal care (Ketterson & Nolan 1992; Raouf et al. 1997) . As a result, the production of nestlings of Tand C-males appears equal. One might therefore expect to find some naturally occurring phenotypes comparable to the T-males produced experimentally. The apparent absence of such males leads us to expect that some cost(s) of prolonged T constrains male juncos to the observed natural early spring peak.
There are a variety of pathways by which T could influence an organism's fitness. For example, it might decrease immunocompetence (Hillgarth et al. 1996; Deerenberg et al. 1997) , or reduce longevity by adversely affecting energy expenditure (Marler et al. 1995; Daan et al. 1996) . We focused on energy relationships and asked whether one possible selective factor limiting juncos to their early season peak could be the energetic cost of maintaining elevated T for an entire breeding season. Increased T might affect energy expenditure in two ways: it might influence resting metabolic rate, or it might increase other aspects of daily energy expenditure (DEE, which incorporates resting metabolism, but also includes thermoregulatory costs and activity costs).
